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PLASMA ETCHING APPARATUS AND a sufficient selectivity between the organic Low - k film and 
METHOD a mask layer or an underlying film . In general , a mixture gas 

based on a fluorocarbon gas is used as a process gas to 
The present application is a continuation of and claims the provide a relatively high selectivity of a target film relative 

benefit of priority under 35 U.S.C. § 120 from U.S. appli- to an underlying film , but this is not enough to ensure a 
cation Ser . No. 14 / 489,125 filed Sep. 17 , 2014 , which is a sufficient selectivity . In light of this problem , an etching 
division U.S. application Ser . No. 11 / 867,371 filed Oct. 4 , method has been proposed for etching an SiOC family film , 
2007 ( now U.S. Pat . No. 8,852,385 issued Oct. 7 , 2014 ) , the as described below , to improve the selectivity relative to a 
entire contents of which is incorporated herein by reference silicon nitride film ( for example , Jpn . Pat . Appln . KOKAI 
and which is claims the benefit of priority under 35 U.S.C. 10 Publication No. 2002-270586 ( Patent publication 2 ) ) . Spe 
$ 119 from Japanese Patent Application Nos . 2006-275722 , cifically , plasma etching is performed on an SiOC family 
filed Oct. 6 , 2006 , No. 2007-164637 filed Jun . 22 , 2007 and inter - level insulating film while a silicon nitride film used as No. 2007-254058 filed Sep. 28 , 2007 ; and from U.S. Appli a barrier layer of a Cu interconnection line is utilized as an cation Nos . 60 / 896,336 filed Mar. 22 , 2007 and No. 60/971 , underlying etching - stopper layer . In this method , CAF , / Ar / 946 filed Sep. 13 , 2007 . N2 is used as a process gas with a flow rate ratio of Ar set 

BACKGROUND OF THE INVENTION to be 80 % or more , thereby improving the selectivity relative 
to the underlying film . 

1. Field of the Invention Further , another etching method has been proposed as 
20 described below ( for example , Jpn . Pat . Appln . KOKAI 

The present invention relates to a plasma etching appa Publication No. 2004-87875 ( Patent publication 3 ) ) . Spe 
ratus , plasma etching method , and computer readable stor- cifically , as in Patent publication 2 described above , plasma 
age medium , used for performing a plasma etching on a etching is performed on an SiOC family inter - level insulat 
target substrate , such as a semiconductor substrate . ing film while a silicon nitride film is utilized as an under 

25 lying etching - stopper layer . This method comprises a first 
2. Description of the Related Art etching step of using CHFz / Ar / N , as a process gas and a 

second etching step of using CF3 / Ar / N , as a process gas , For example , in the process of manufacturing semicon thereby improving the selectivity relative to both of the ductor devices , plasma etching processes , which utilize mask and silicon nitride film . plasma to etch a layer through a resist mask , are often used 30 However , as described above , silicon nitride used for a for forming a predetermined pattern on a predetermined barrier layer of a Cu interconnection line has good barrier layer disposed on a target substrate , such as a semiconductor properties , but has a high dielectric constant of 7.0 . Accord wafer . 
Although various plasma etching apparatuses for per ingly , in order to sufficiently utilize the low dielectric 

forming such plasma etching are present , parallel - plate 35 constant property of a Low - k film , such as an SiOC family 
plasma etching apparatuses of the capacitive coupling type film , a barrier layer having a still lower dielectric constant is 
are in the mainstream of them . required . One of the materials for such a barrier layer is 

In general , a parallel - plate plasma etching apparatus of the silicon carbide ( SiC ) having a dielectric constant of 3.5 . 
capacitive coupling type includes a chamber with a pair of Where an SiC barrier layer having a low dielectric con 
parallel - plate electrodes ( upper and lower electrodes ) dis- 40 stant is used as an underlying etching - stopper layer for 
posed therein . While a process gas is supplied into the etching an etching target layer formed of a Low - k film 
chamber , an RF ( radio frequency ) power is applied to at least disposed thereon , it is also necessary to ensure a sufficient 
one of the electrodes to form an electric field between the etching selectivity between them . In general , Sic family 
electrodes . The process gas is turned into plasma by the RF films of this kind contain about 10 % oxygen , and thus the 
electric field , thereby performing plasma etching on a pre- 45 composition thereof is similar to that of SiOC family Low - k 
determined layer disposed on a semiconductor wafer . films . Aplasma etching process using a fluorocarbon process 

Specifically , there is known a plasma etching apparatus in gas , as disclosed in Patent publications 2 and 3 described 
which an RF power for plasma generation is applied to the above , may be applied to a structure including an SiOC 
upper electrode to generate plasma , while an RF power for family Low - k film and an SiC layer . In this case , however , 
ion attraction is applied to the lower electrode ( for example , 50 the margin for ensuring a sufficient etching selectivity 
Jpn . Pat . Appln . KOKAI Publication No. 2000-173993 between the film and layer is narrow and makes it difficult 
( Patent publication 1 ) ) . This plasma etching apparatus can to etch the SiOC family Low - k film with a high selectivity 
form a suitable plasma state and realize an etching process and a high etching rate . 
with a high selectivity and high reproducibility . On the other hand , where etching of via holes or contact 

In recent years , owing to the demands of higher speed of 55 holes is performed in a parallel - plate plasma etching appa 
semiconductor devices , and increased miniaturization and ratus of the capacitive coupling type , a so - called micro 
higher integration degree of interconnection line patterns , it loading effect is undesirably caused , such that the etching 
is promoted to utilize inter - level insulating films having a rate varies depending on the size of holes , and makes it 
low dielectric constant , so as to decrease the parasitic difficult to control the etching depth . Particularly , the etching 
capacitance of interconnection lines . Of the low dielectric 60 rate is generally higher at a large area , such as a guard ring 
constant films ( Low - k films ) of this kind , SiOC family films ( GR ) , while the etching rate is generally lower in a smaller 
particularly attract attentions . An SiOC family film can be area which CF family radicals cannot easily get in . 
formed from a conventional Sio , film by introducing methyl Where no etching - stopper layer is disposed , the etching 
groups ( CH3 ) into Si – O bonds of the film , thereby depth fluctuates due to the micro - loading effect , and carries 
mixing SiCH , bonds . 65 over the fluctuations to subsequent steps , thereby deterio 

Where plasma etching is performed on an organic Low - k rating the uniformity of electric properties . Even where an 
film , such as an SiOC family film , it is important to ensure etching - stopper layer is disposed , an over etching time needs 
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to be prolonged , and thus brings about additional losses and power modulation frequency , power modulation duty ratio , 
fluctuations on the underlying layers , which adversely affect and timing for switching from the continuous mode to the 
electric properties . power modulation mode . 

Conventionally , in order to solve the problems described In the first aspect , the plasma etching apparatus may be 
above , the pressure inside a chamber is decreased to perform 5 arranged for processing a target substrate having a structure 
an etching process at a low pressure along with a low flow including a mask layer formed on an etching target film to 
rate , so as to promote etching at , e.g. , small via - holes . perform etching of the etching target film by use of the mask 
However , with decreases in the pressure and flow rate during layer as a mask , wherein the controller may be preset to 
a process , the selectivity relative to a mask and / or an control the second RF power supply unit to switch into the 
underlying layer becomes smaller , thereby deteriorating the power modulation mode that executes power modulation in 
flexibility of the process . predetermined cycles between the first power set to deposit 

polymers on the predetermined film on the target substrate 
BRIEF SUMMARY OF THE INVENTION and the second power set to promote etching of the prede 

termined film on the target substrate , for the etching of the 
15 etching target film . An object of the present invention is to provide a plasma According to a second aspect of the present invention , etching apparatus and plasma etching method , which can there is provided a plasma etching apparatus comprising : a etch an etching target film with a high selectivity and a high process container configured to be vacuum - exhausted ; a first etching rate . electrode disposed inside the process container ; a second 

Another object of the present invention is to provide a 20 electrode disposed opposite to the first electrode and con 
plasma etching apparatus and plasma etching method , which figured to support a target substrate thereon ; a first RF power 
can suppress the micro - loading effect . supply unit configured to apply a first RF power for plasma 

Another object of the present invention is to provide a generation to the first electrode or the second electrode ; a 
computer readablestorage medium forexecutingthe plasma second RF power supply unit configured to apply a second 
etching method . 25 RF power for ion attraction to the second electrode ; a 

According to a first aspect of the present invention , there process gas supply unit configured to supply a process gas 
is provided a plasma etching apparatus comprising : a pro- into the process container , and a controller configured to 
cess container configured to be vacuum - exhausted ; a first control the second RF power supply unit , wherein the 
electrode disposed inside the process container , a second second RF power supply unit includes a second RF power 
electrode disposed opposite to the first electrode and con- 30 supply and a second matching unit , and the controller is 
figured to supportatarget substratethereon ; a first RF power preset to control the second RF power supply unit to operate 
supply unit configured to apply a first RF power for plasma in a power modulation mode that executes power modula 
generation to the first electrode or the second electrode ; a tion in predetermined cycles between a first power and a 

second second RF power supply unit configured to apply a second power , while controlling the second matching unit to 
RF power for ion attraction to the second electrode ; a 35 switch a matching operation in synchronism with the power 

modulation . process gas supply unit configured to supply a process gas In the second aspect , the controller may be preset to into the process container ; and a controller configured to control the second RF power supply unit operated in the control the second RF power supply unit , wherein the power modulation mode such that the second matching unit controller is preset to control the second RF power supply 40 is not operated when the first power is applied , and the 
unit to operate in a power modulation mode that executes second matching unit is operated when the first power is power modulation in predetermined cycles between a first applied , so as for an internal impedance of the second RF 
power set to deposit polymers on a predetermined film on power supply and a load impedance including plasma within 
the target substrate and a second power set to promote the process container to agree with each other . In this case , 
etching of the predetermined film on the target substrate . 45 the controller may be preset to control the second RF power 

In the first aspect , the plasma etching apparatus may be supply unit operated in the power modulation mode such 
arranged for processing a target substrate having a structure that , when the first power is applied , the second RF power 
including an etching target film formed on an underlying supply is controlled to keep constant a power value supplied 
film to perform etching of the etching target film and then to the second electrode , which is defined by a difference 
perform over etching , wherein the controller may be preset 50 between a power value output from the second RF power 
to control the second RF power supply unit to operate in a supply and a power value reflected by the load impedance 
continuous mode that executes continuous supply of an RF including plasma within the process container . 
power at a constant power level for the etching , and then , In the first and second aspects , the apparatus preferably 
before the over etching starts , to switch into the power further comprises a variable DC power supply configured to 
modulation mode that executes power modulation in prede- 55 apply a DC voltage to the first electrode . 
termined cycles between the first power set to deposit According to a third aspect of the present invention , there 
polymers on the predetermined film on the target substrate is provided a plasma etching apparatus comprising : a pro 
and the second power set to promote etching of the prede- cess container configured to be vacuum - exhausted ; a first 
termined film on the target substrate . electrode disposed inside the process container , a second 

In this arrangement , the controller may be preset to 60 electrode disposed opposite to the first electrode and con 
control the second RF power to perform power modulation figured to support a target substrate thereon ; a first RF power 
between the first power and the second power to attain a supply unit configured to apply a first RF power for plasma 
condition in which a polymer thickness on the underlying generation to the first electrode or the second electrode ; a 
film is larger than an ion penetration depth at a timing of second RF power supply unit configured to apply a second 
transition from the etching of the etching target film to the 65 RF power for ion attraction to the second electrode ; a 
over etching . In this case , the controller may be preset to process gas supply unit configured to supply a process gas 
control at least one of the first power , the second power , into the process container , and a controller configured to 



US 10,861,678 B2 
5 6 

control the second RF power supply unit , wherein the process gas supply unit configured to supply a process gas 
controller is preset to control the second RF power supply into the process container , the method comprising : generat 
unit to operate in a power modulation mode that executes ing plasma of the process gas between the first electrode and 
power modulation in predetermined cycles between a first the second electrode , thereby etching a predetermined film 
power and a second power , such that the second RF power 5 on the target substrate , wherein the method comprises con 
supply unit is first operated in a mode that executes con- trolling the second RF power supply unit to operate in a 
tinuous supply of an RF power at a constant power level for power modulation mode that executes power modulation in 
plasma ignition , and then is switched into the power modu- predetermined cycles between a first power set to deposit 
lation mode . polymers on the predetermined film on the target substrate 

In the third aspect , the controller may be preset to perform 10 and a second power set to promote etching of the predeter 
control such that the second RF power supply unit is first mined film on the target substrate . 
operated in the mode that executes continuous supply of an In the fourth aspect , the plasma etching method may be 
RF power at a constant power level , then the first RF power arranged for processing a target substrate having a structure 
supply unit starts RF power supply when a predetermined including an etching target film formed on an underlying 
time has elapsed , and then the second RF power supply unit 15 film by generating plasma of the process gas between the 
is switched into the power modulation mode when a prede- first electrode and the second electrode , thereby etching an 
termined time has elapsed . In this case , the controller may be etching target film on the target substrate , and then perform 
preset to perform control such that the second RF power ing over etching , wherein the method may be arranged to 
supply unit is first operated in the mode that executes control the second RF power supply unit to operate in a 
continuous supply of an RF power at a constant power level , 20 continuous mode that executes continuous supply of an RF 
which is lower than a predetermined power level , until a power at a constant power level for the etching , and then , 
time after the first RF power supply unit starts RF power before the over etching starts , to switch into the power 
supply , then the second RF power supply unit increases the modulation mode that executes power modulation in prede 
RF power when a predetermined time has elapsed , and then termined cycles between the first power set to deposit 
the second RF power supply unit is switched into the power 25 polymers on the predetermined film on the target substrate 
modulation mode when a predetermined time has elapsed . and the second power set to promote etching of the prede 
The apparatus may further comprise a variable DC power termined film on the target substrate . 
supply configured to apply a DC voltage to the first elec- In this arrangement , the method may be arranged to 
trode , and the controller may be preset to control the variable control the second RF power to perform power modulation 
DC power supply to start voltage application when the first 30 between the first power and the second power to attain a 
RF power supply unit starts RF power supply . In this case , condition in which a polymer thickness on the underlying 
the controller is preferably preset to control the variable DC film is larger than an ion penetration depth at a timing of 
power supply to gradually increase voltage when starting the transition from the etching of the etching target film to the 
voltage application . The controller is preferably preset to over etching . In this case , the method may be arranged to 
control the second RF power supply unit to gradually 35 control at least one of the first power , the second power , 
increase power when switching into the power modulation power modulation frequency , power modulation duty ratio , 
mode after the mode that executes continuous supply of an and timing for switching from the continuous mode to the 
RF power at a constant power level . power modulation mode , so as to attain a condition in which 

In the first to third aspects , the first RF power preferably a polymer thickness on the underlying film is larger than an 
has a frequency of 27 to 100 MHz . The second RF power 40 ion penetration depth . The method according to the fourth 
preferably has a frequency of 400 kHz to 13.56 MHz . The aspect is preferably applied to a case where an etching target 
first power is preferably set to be within a range of 10 to 500 film on the target substrate is formed of an SiOC family 
W and the second power is preferably set to be within a Low - k film and an underlying film is formed of an SiC film . 
range of 100 to 5,000 W in the power modulation mode of In the fourth aspect , the plasma etching method may be 
the second RF power supply unit . The power modulation 45 arranged for processing a target substrate having a structure 
preferably has a frequency within a range of 0.25 to 100 Hz including a mask layer formed on an etching target film to 
in the power modulation mode of the second RF power perform etching of the etching target film by use of the mask 
supply unit . The power modulation preferably has a duty layer as a mask , wherein the method may be arranged to 
ratio ( second power time / one cycle total time ) of 1 to 99 % control the second RF power supply unit to switch into the 
in the power modulation mode of the second RF power 50 power modulation mode that executes power modulation in 
supply unit . The controller may be preset to control the first predetermined cycles between the first power set to deposit 
RF power supply unit to operation in a power modulation polymers on the predetermined film on the target substrate 
mode that executes power modulation in predetermined and the second power set to promote etching of the prede 
cycles between a third power and a fourth power in syn- termined film on the target substrate , for the etching of the 
chronism with the power modulation mode of the second RF 55 etching target film . 
power supply unit . According to a fifth aspect of the present invention , there 

According to a fourth aspect of the present invention , is provided a plasma etching method performed in a plasma 
there is provided a plasma etching method performed in a etching apparatus comprising a process container configured 
plasma etching apparatus comprising a process container to be vacuum - exhausted , a first electrode disposed inside the 
configured to be vacuum - exhausted , a first electrode dis- 60 process container , a second electrode disposed opposite to 
posed inside the process container , a second electrode dis- the first electrode and configured to support a target substrate 
posed opposite to the first electrode and configured to thereon , a first RF power supply unit configured to apply a 
support a target substrate thereon , a first RF power supply first RF power for plasma generation to the first electrode or 
unit configured to apply a first RF power for plasma gen- the second electrode , a second RF power supply unit con 
eration to the first electrode or the second electrode , a second 65 figured to apply a second RF power for ion attraction to the 
RF power supply unit configured to apply a second RF second electrode , and a process gas supply unit configured 
power for ion attraction to the second electrode , and a to supply a process gas into the process container , wherein 
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the second RF power supply unit includes a second RF increases the RF power when a predetermined time has 
power supply and a second matching unit , the method elapsed , and then the second RF power supply unit is 
comprising : generating plasma of the process gas between switched into the power modulation mode when a predeter 
the first electrode and the second electrode , thereby etching mined time has elapsed . The apparatus may further comprise 
a predetermined film on the target substrate , wherein the 5 a variable DC power supply configured to apply a DC 
method comprises controlling the second RF power supply voltage to the first electrode , and the method may be 
unit to operate in a power modulation mode that executes arranged to control the variable DC power supply to start power modulation in predetermined cycles between a first voltage application when the first RF power supply unit power and a second power , while controlling the second starts RF power supply . In this case , the method is preferably matching unit to switch a matching operation in synchro- 10 arranged to control the variable DC power supply to gradu nism with the power modulation . 

In the fifth aspect , the method may be arranged to control ally increase voltage when starting the voltage application . 
the second RF power supply unit operated in the power The method is preferably arranged to control the second RF 
modulation mode such that the second matching unit is not power supply unit to gradually increase power when switch 
operated when the first power is applied , and the second 15 ing into the power modulation mode after the mode that 
matching unit is operated when the first power is applied , so executes continuous supply of an RF power at a constant 
as for an internal impedance of the second RF power supply 
and a load impedance including plasma within the process In the fourth to sixth aspects , the first RF power preferably 
container to agree with each other . In this case , the method has a frequency of 27 to 100 MHz . The second RF power 
may be arranged to control the second RF power supply unit 20 preferably has a frequency of 400 kHz to 13.56 MHz . The 
operated in the power modulation mode such that , when the first power is preferably set to be within a range of 10 to 500 
first power is applied , the second RF power supply is W and the second power is preferably set to be within a 
controlled to keep constant a power value supplied to the range of 100 to 5,000 W in the power modulation mode of 
second electrode , which is defined by a difference between the second RF power supply unit . The power modulation 
a power value output from the second RF power supply and 25 preferably has a frequency within a range of 0.25 to 100 Hz 
a power value reflected by the load impedance including in the power modulation mode of the second RF power plasma within the process container . supply unit . The power modulation preferably has a duty In the fourth and fifth aspects , the apparatus preferably ratio ( second power time / one cycle total time ) of 1 to 99 % further comprises a variable DC power supply configured to in the power modulation mode of the second RF power apply a DC voltage to the first electrode . supply unit . The method may be arranged to control the first According to a sixth aspect of the present invention , there RF power supply unit to operation in a power modulation is provided a plasma etching method performed in a plasma 
etching apparatus comprising a process container configured mode that executes power modulation in predetermined 
to be vacuum - exhausted , a first electrode disposed inside the cycles between a third power and a fourth power in syn 
process container , a second electrode disposed opposite to 35 chronism with the power modulation mode of the second RF 
the first electrode and configured to support a target substrate power supply unit . 
thereon , a first RF power supply unit configured to apply a According to a seventh aspect of the present invention , 
first RF power for plasma generation to the first electrode or there is provided a computer readable storage medium that 
the second electrode , a second RF power supply unit con stores a control program for execution on a computer used 
figured to apply a second RF power for ion attraction to the 40 for a plasma etching apparatus comprising a process con 
second electrode , and a process gas supply unit configured tainer configured to be vacuum - exhausted , a first electrode 
to supply a process gas into the process container , the disposed inside the process container , a second electrode 
method comprising : generating plasma of the process gas disposed opposite to the first electrode and configured to 
between the first electrode and the second electrode , thereby support a target substrate thereon , a first RF power supply 
etching a predetermined film on the target substrate , wherein 45 unit configured to apply a first RF power for plasma gen 
the method comprises controlling the second RF power eration to the first electrode or the second electrode , a second 
supply unit to operate in a power modulation mode that RF power supply unit configured to apply a second RF 
executes power modulation in predetermined cycles power for ion attraction to the second electrode , and a 
between a first power and a second power , such that the process gas supply unit configured to supply a process gas 
second RF power supply unit is first operated in a mode that 50 into the process container , wherein the control program , 
executes continuous supply of an RF power at a constant when executed , causes the computer to control the plasma 
power level for plasma ignition , and then is switched into the etching apparatus to conduct one of the plasma etching 
power modulation mode . methods according to the fourth to sixth aspects . 

In the sixth aspect , the method may be arranged to Additional objects and advantages of the invention will be 
perform control such that the second RF power supply unit 55 set forth in the description which follows , and in part will be 
is first operated in the mode that executes continuous supply obvious from the description , or may be learned by practice 
of an RF power at a constant power level , then the first RF of the invention . The objects and advantages of the invention 
power supply unit starts RF power supply when a predeter- may be realized and obtained by means of the instrumen 
mined time has elapsed , and then the second RF power talities and combinations particularly pointed out hereinaf 
supply unit is switched into the power modulation mode 60 ter . 
when a predetermined time has elapsed . In this case , the 
method may be arranged to perform control such that the BRIEF DESCRIPTION OF THE SEVERAL 
second RF power supply unit is first operated in the mode VIEWS OF THE DRAWING 
that executes continuous supply of an RF power at a constant 
power level , which is lower than a predetermined power 65 The accompanying drawings , which are incorporated in 
level , until a time after the first RF power supply unit starts and constitute a part of the specification , illustrate embodi 
RF power supply , then the second RF power supply unit ments of the invention , and together with the general 
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description given above and the detailed description of the FIG . 18 is a view showing another alternative preferable 
embodiments given below , serve to explain the principles of example of application timing and application manner of RF 
the invention . powers and a DC voltage ; 
FIG . 1 is a sectional view schematically showing a plasma FIGS . 19A and 19B are views showing examples in 

etching apparatus according to a first embodiment of the 5 which , not only the second RF power supply , but also the 
present invention ; first RF power supply is set in a power modulation mode ; 

FIG . 2 is a view showing a matching unit connected to a and 
first RF power supply in the plasma etching apparatus shown FIG . 20 is a sectional view schematically showing a 
in FIG . 1 ; plasma etching apparatus according to a second embodiment 
FIG . 3 is a view showing a typical example of a power 10 of the present invention . 

modulation mode along with the set voltage thereof used for 
a second RF power supply ; DETAILED DESCRIPTION OF THE 
FIG . 4 is a view showing an output voltage waveform in INVENTION 

a power modulation mode of the second RF power supply ; 
FIG . 5 is a view showing a matching unit connected to the 15 Embodiments of the present invention will now be 

second RF power supply in the plasma etching apparatus described with reference to the accompanying drawings . 
shown in FIG . 1 ; At first , an explanation will be given of a first embodiment 
FIG . 6 is a graph showing etching characteristics of an of the present invention . 

etching target film formed of an SiOC family Low - k film FIG . 1 is a sectional view schematically showing a plasma 
and an etching - stopper film formed of an SiC film , obtained 20 etching apparatus according to the first embodiment of the 
by a bias applied in a normal mode ; present invention . 

FIG . 7 is a view showing a change in a structure including This plasma etching apparatus is structured as a parallel 
an etching - stopper film formed of an SiC film and an etching plate plasma etching apparatus of the capacitive coupling 
target film formed of an SiOC family Low - k film laminated type . The apparatus includes an essentially cylindrical 
in this order from below , where etching and over etching are 25 chamber ( process container ) 10 , which is made of , e.g. , 
sequentially performed on the SiOC family Low - k film , for aluminum with an anodization - processed surface . The 
comparing an etching state using a bias applied in a con- chamber 10 is protectively grounded . 
tinuous mode with an etching state using a bias applied in a A columnar susceptor pedestal 14 is disposed on the 
power modulation mode ; bottom of the chamber 10 through an insulating plate 12 

FIG . 8 is a graph showing the relationship between the 30 made of , e.g. , a ceramic . A susceptor 16 made of , e.g. , 
polymer layer thickness and ion penetration depth , wherein aluminum is disposed on the susceptor pedestal 14. The 
the horizontal axis denotes a bias power and the vertical axis susceptor 16 is used as a lower electrode , on which a target 
denotes the polymer layer thickness , for comparing a case substrate , such as a semiconductor wafer W , is placed . 
using a bias applied in a continuous mode with a case using The susceptor 16 is provided with an electrostatic chuck 
a bias applied in a power modulation mode ; 35 18 on the top , for holding the semiconductor wafer W by an 
FIG . 9 is a graph showing etching characteristics of an electrostatic attraction force . The electrostatic chuck 18 

etching target film formed of an SiOC family Low - k film comprises an electrode 20 made of a conductive film , and a 
and an etching - stopper film formed of an SiC film , obtained pair of insulating layers or insulating sheets sandwiching the 
by a bias applied in a power modulation mode ; electrode 20. The electrode 20 is electrically connected to a 
FIG . 10 is a graph showing the relationship between the 40 direct current ( DC ) power supply 22. The semiconductor 

polymer layer depth and the absorption energy of ions ( Ar wafer W is attracted and held on the electrostatic chuck 18 
ions ) , obtained by a simulation with different values of ion by an electrostatic attraction force , e.g. , a Coulomb force , 
radiation energy ; generated by a DC voltage applied from the DC power 

FIG . 11 is a graph showing a result of an experiment supply 22 . 
performed for confirming effects of this embodiment ; A conductive focus ring ( correction ring ) 24 made of , e.g. , 
FIG . 12 is a sectional view showing a semiconductor silicon is disposed on the top of the susceptor 16 to surround 

wafer used in a case where an RF bias is applied to the lower the electrostatic chuck 18 ( and the semiconductor wafer W ) 
electrode in a power modulation mode , in order to improve to improve etching uniformity . A cylindrical inner wall 
the selectivity of an etching target film relative to a mask ; member 26 made of , e.g. , quartz is attached to the side of the 
FIG . 13 is a sectional view showing a semiconductor 50 susceptor 16 and susceptor pedestal 14 . 

wafer used in a case where an RF bias is applied to the lower The susceptor pedestal 14 is provided with a cooling 
electrode in a power modulation mode , in order to alleviate medium space 28 formed therein and extending there 
the micro - loading effect ; through in , e.g. , an annular direction . A cooling medium set 
FIGS . 14A , 14B , and 14C are views showing the shapes at a predetermined temperature , such as cooling water , is 

and sizes of holes used in etching for confirming the effect 55 circulated within the cooling medium space 28 from a chiller of alleviating the micro - loading effect ; unit ( not shown ) disposed outside through lines 30a and 30b . 
FIG . 15 is a graph showing normalized etching rates The temperature of the cooling medium is set to control the 

obtained by use of the hole shapes shown in FIGS . 14A , process temperature of the semiconductor wafer W placed 
14B , and 14C , where an RF bias was applied to the lower on the susceptor 16 . 
electrode in a power modulation mode and in a continuous 60 Further , a heat transmission gas , such as He gas , is 
mode , in order to alleviate the micro - loading effect ; supplied from a heat transmission gas supply unit ( not 
FIG . 16 is a view showing a preferable example of shown ) , through a gas supply line 32 , into the interstice 

application timing and application manner of RF powers and between the top surface of the electrostatic chuck 18 and the 
a DC voltage ; back surface of the semiconductor wafer W. 

FIG . 17 is a view showing an alternative preferable 65 An upper electrode 34 is disposed above the lower 
example of application timing and application manner of RF electrode or susceptor 16 in parallel with the susceptor . The 
powers and a DC voltage ; space between the electrodes 16 and 34 is used as a plasma 

45 
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generation space . The upper electrode 34 defines a counter example ) from the first RF power supply 48 and the RF 
surface facing the semiconductor wafer W placed on the power ( of 2 MHz , for example ) from a second RF power 
lower electrode or susceptor 16 , and thus this counter supply described later , so that a DC voltage current ( which 
surface is in contact with plasma generation space . will be simply referred to as a DC voltage ) is effectively 
The upper electrode 34 is supported at the top of the 5 supplied to the upper electrode 34. Consequently , a DC 

chamber 10 by an insulating shield member 42. The upper current is connected from the variable DC power supply 50 
electrode 34 includes an electrode plate 36 defining the through the filter 58 to the feed line 49. The filter 58 is 
counter surface opposite to the susceptor 16 and having a formed of a coil 59 and a capacitor 60 arranged to trap the 
number of gas delivery holes 37 , and an electrode support 38 RF power from the first RF power supply 48 and the RF 
detachably supporting the electrode plate 36. The electrode 10 power from the second RF power supply described later . 
support 38 is made of a conductive material , such as The sidewall of the chamber 10 extends upward above the 
aluminum with an anodization - processed surface , and has a height level of the upper electrode 34 and forms a cylindrical 
water - cooling structure . The electrode plate 36 is preferably grounded conductive body 10a . The top wall of the cylin 
made of a conductor or semiconductor having a low resis- drical grounded conductive body 10a is electrically insu 
tivity and thus generating less Joule heat . Further , in order 15 lated from the upper feed rod 44 by a tube - like insulating 
to reinforce a resist film , as described later , the electrode member 44a . 
plate 36 is preferably made of a silicon - containing sub- The susceptor 16 used as a lower electrode is electrically 
stance . In light of these , the electrode plate 36 is preferably connected to a second RF power supply 90 through a second 
made of silicon or SiC . The electrode support 38 has a gas matching unit 88. The RF power supplied from the second 
diffusion cell 40 formed therein , which is connected to the 20 RF power supply 90 to the lower electrode or susceptor 16 
gas delivery holes 37 through a number of gas flow channels is used for applying a bias to the semiconductor wafer W , 
41 extending downward . thereby attracting ions toward the semiconductor wafer W. 

Further , the electrode support 38 has a gas feed port 62 The second RF power supply 90 outputs an RF power with 
formed therein for feeding a process gas into the gas a frequency of 400 kHz to 13.56 MHz , such as 2 MHz . The 
diffusion cell 40. The gas feed port 62 is connected to a 25 second RF power supply 90 is connected to an RF controller 
process gas supply source 66 through a gas supply line 64 . 95 for controlling the second RF power supply 90. The RF 
The gas supply line 64 is provided with a mass - flow con- controller 95 can control the RF power from the second RF 
troller ( MFC ) 68 and a switching valve 70 disposed thereon power supply 90 to perform power modulation between first 
in this order from the upstream ( an FCN may be used in and second powers in predetermined cycles , so that modes 
place of the MFC ) . A process gas for etching , such as a 30 can be switched between an ordinary continuous mode and 
fluorocarbon gas ( C Fy ) , e.g. , C4F gas , is supplied from the a power control mode . The first power is set to generate 
process gas supply source 66 through the gas supply line 64 deposition on an etching target film on the semiconductor 
into the gas diffusion cell 40. Then , the process gas flows wafer W , while the second power is set to promote etching 
through the gas flow channels 41 and is delivered from the on the etching target film on the semiconductor wafer W. A 
gas delivery holes 37 into the plasma generation space , as in 35 typical example of the power modulation is pulse - wise , as 
a shower device . Accordingly , in other words , the upper shown in FIG . 3 , but this is not limiting . In this example , the 
electrode 34 functions as a showerhead for supplying a duty ratio of pulses is 50 % . FIG . 4 shows the output voltage 
process gas . waveform obtained in this case . The difference between the 

The upper electrode 34 is electrically connected to a first maximum voltage value and minimum voltage value in one 
RF power supply 48 through a first matching unit 46 and a 40 cycle is expressed by VPP . In FIG . 4 , Pset denotes a set 
feed rod 44. The first RF power supply 48 outputs an RF voltage . 
power with a frequency of 27 to 100 MHz , such as 60 MHz . The RF controller 95 is also connected to the second 
The first matching unit 46 is arranged to match the load matching unit 88 to control the second matching unit 88. The 
impedance with the internal ( or output ) impedance of the RF controller 95 is further connected to the first RF power 
first RF power supply 48. When plasma is generated within 45 supply 48 and first matching unit 46 to control these mem 
the chamber 10 , the matching unit 44 performs control for bers . 
the load impedance and the output impedance of the first RF The second matching unit 88 is arranged to match the load 
power supply 48 to apparently agree with each other . The impedance with the internal ( or output ) impedance of the 
output terminal of the first matching unit 46 is connected to second RF power supply 90. When plasma is generated 
the top of the feed rod 44 . 50 within the chamber 10 , the second matching unit 88 per 

Further , the upper electrode 34 is electrically connected to forms control for the load impedance including the plasma 
a variable DC power supply 50 in addition to the first RF within the chamber 10 and the internal impedance of the 
power supply 48. The variable DC power supply 50 may be second RF power supply 90 to apparently agree with each 
formed of a bipolar power supply . Specifically , the variable other . As shown in FIG . 5 , the second matching unit 88 
DC power supply 50 is connected to the upper electrode 34 55 includes a first variable capacitor 97 disposed on a line 
through the first matching unit 46 and feed rod 44 , and the branched from the electric feeding line 96 of the second RF 
electric feeding can be set on / off by an on / off switch 52. The power supply 90 , a second variable capacitor 98 disposed on 
polarity , current , and voltage of the variable DC power the electric feeding line 96 between the branch point and 
supply 50 , and the on / off of the on / off switch 52 are second RF power supply 90 , and a coil 99 disposed on the 
controlled by a controller 51 . 60 electric feeding line on the other side of the branch point . In 
As shown in FIG . 2 , the first matching unit 46 includes a this embodiment , unlike ordinary plasma etching , the RF 

first variable capacitor 54 disposed on a line branched from power of the second RF power supply 90 is operated in a 
a feed line 49 of the first RF power supply 48 , and a second power modulation mode that executes power modulation in 
variable capacitor 56 disposed on the feed line 49 down- predetermined cycles . In this power modulation mode , the 
stream from the branch point , so as to exercise the function 65 RF controller 95 controls the matching operation of the 
described above . The first matching unit 46 also includes a second matching unit 88 to be switched in synchronism with 
filter 58 configured to trap the RF power ( of 60 MHz , for the power modulation . In this case , while the second RF 
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power supply unit 90 is operated in the power modulation arrangement provides the effect of preventing abnormal 
mode , the RF controller 95 controls the second matching electric discharge , as described later . The position of the 
unit 88 , as follows . Specifically , when the first power is conductive member 91 is not limited to that shown in FIG . 
applied , the second matching unit 88 is controlled not to 1 , as long as it is inside the plasma generation area . For 
operate . On the other hand , when the second power is 5 example , the conductive member 91 may be disposed on the 
applied , the second matching unit 88 is controlled to operate susceptor 16 side , such as the periphery of the susceptor 16 , 
for the load impedance including plasma within the chamber may be disposed near the upper electrode , such as a 
10 and the internal impedance of the second RF power position around the upper electrode 34 , in the form of a ring . 
supply 90 to agree with each other . More specifically , only Respective components of the plasma processing appa 
when the high - power - level second power is applied , the 10 ratus , such as the power supply system , gas supply system , 
capacitance C1 of the first variable capacitor 97 and the drive system , and RF controller 95 , are connected to and 
capacitance C2 of the second variable capacitor 98 are controlled by a control section ( overall control unit ) 100 . 
controlled independently of each other . When the first power The control section 100 is connected to a user interface 101 
is applied , the capacitance C1 and capacitance C2 are fixed . including , e.g. , a key board and a display , wherein the key 
In this case , if the forward direction power Pf is solely 15 board is used for a process operator to input commands for 
controlled as in ordinary matching units , hunching is caused . operating the plasma processing apparatus , and the display 
Accordingly , the second matching unit 88 has a structure is used for showing visualized images of the operational 
that can control a load power PL ( Pf - Pr ) defined in light of status of the plasma processing apparatus . 
a reflection power . Specifically , where a power value Pf is Further , the control section 100 is connected to a storage 
output from the second RF power supply 90 , and a power 20 section 102 that stores control programs for the control 
value Pr is reflected by the load impedance including plasma section 100 to control the plasma processing apparatus so as 
within the chamber , the power value PL applied to the lower to perform various processes , and programs or recipes for 
electrode or susceptor 16 is defined by subtracting the powe respective components of the plasma processing apparatus 
value Pr from the power value Pf . When the first power is to perform processes in accordance with process conditions . 
applied , the second RF power supply 90 is controlled to keep 25 Recipes are stored in a storage medium of the storage section 
the power value PL always constant . The first RF power 102. The storage medium may be a hard disk or semicon 
supply 46 receives some influence of power modulation ductor memory , or it may be a portable storage medium , 
made on the RF power from the second RF power supply 90 , such as a CDROM , DVD , or flash memory . Further , recipes 
so the first RF power supply 46 is also preferably provided may be utilized on - line , while it is transmitted from another 
with a matching unit including load power control , thereby 30 apparatus through , e.g. , a dedicated line , as needed . 
performing control in the same way . A required recipe is retrieved from the storage section 102 

The upper electrode 34 is electrically connected to a and executed by the control section 100 in accordance with 
low - pass filter ( LPF ) 92 , which prevents the RF power ( 60 an instruction or the like input through the user interface 
MHz ) from the first RF power supply 48 from passing 101. Consequently , the plasma processing apparatus can 
through , while it allows the RF power ( 2 MHz ) from the 35 perform a predetermined process under the control of the 
second RF power supply 98 to pass through to ground . The control section 100. It should be noted that each of the 
low - pass filter ( LPF ) 92 is preferably formed of an LR filter plasma processing apparatuses ( plasma etching apparatuses ) 
or LC filter , but merely one conductive line may be used for according to embodiments of the present invention includes 
the same purpose , because it can apply a sufficiently large such a control section 100 . 
reactance to the RF power ( 60 MHz ) from the first RF power 40 When an etching process is performed in the plasma 
supply 48. On the other hand , the lower electrode or sus- processing apparatus described above , the gate valve 86 is 
ceptor 16 is electrically connected to a high - pass filter ( HPF ) first opened , and a semiconductor wafer W to be etched is 
94 , which allows the RF power ( 60 MHz ) from the first RF transferred through the transfer port 85 into the chamber 10 
power supply 48 to pass through to ground . and placed on the susceptor 16. Then , a process gas for 
An exhaust port 80 is formed at the bottom of the chamber 45 etching is supplied from the process gas supply source 66 

10 , and is connected to an exhaust unit 84 through an into the gas diffusion cell 40 at a predetermined flow rate , 
exhaust line 82. The exhaust unit 84 includes a vacuum and then supplied into the chamber 10 through the gas flow 
pump , such as a turbo molecular pump , to decrease the channels 41 and gas delivery holes 37. At the same time , the 
pressure inside the chamber 10 to a predetermined vacuum interior of the chamber 10 is exhausted by the exhaust unit 
level . A transfer port 85 for a semiconductor wafer W is 50 84 to set the pressure inside the chamber 10 at a predeter 
formed in the sidewall of the chamber 10 , and is opened / mined value within a range of , e.g. , 0.1 to 150 Pa . The 
closed by a gate valve 86 attached thereon . A deposition process gas may be selected from various gases convention 
shield 11 is detachably disposed along the inner wall of the ally employed , and preferably is a gas containing a halogen 
chamber 10 to prevent etching by - products ( deposi element , a representative of which is a fluorocarbon gas 
from being deposited on the wall . In other words , the 55 ( CF , ) , such as CF : gas . Further , the process gas may 
deposition shield 11 constitutes a chamber wall . A deposi- contain another gas , such as Ar gas or 02 gas . 
tion shield 11 is also disposed around the inner wall member While the etching gas is supplied into the chamber 10 , an 
26. An exhaust plate 83 is disposed at the bottom of the for plasma generation is applied from the first RF 
chamber 10 between the deposition shield 11 on the chamber power supply 48 to the upper electrode 34. At the same time , 
wall and the deposition shield 11 on the inner wall member 60 an RF power for ion attraction is applied from the second RF 
26. The deposition shield 11 and exhaust plate 83 are power supply 90 to the lower electrode or susceptor 16 . 
preferably made of an aluminum body covered with a Also , a predetermined DC voltage is applied from the 
ceramic , such as Y2O3 . variable DC power supply 50 to upper electrode 34. Further , 
A conductive member ( GND block ) 91 is disposed on a a DC voltage is applied from the DC power supply 22 for the 

portion of the deposition shield 11 that constitutes the 65 electrostatic chuck 18 to the electrode 20 of the electrostatic 
chamber inner wall , at a height essentially the same as the chuck 18 to fix the semiconductor wafer W by the electro 
wafer W , and is connected to ground in the sense of DC . This static chuck 18 . 

RF power 
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The process gas delivered from the gas delivery holes 37 conditional margin for ensuring a sufficient etching selec 
formed in the electrode plate 36 of the upper electrode 34 is tivity between them is very narrow even where a DC voltage 
turned into plasma by glow discharge caused by the RF is applied . 
power applied across the upper electrode 34 and the lower Next , an explanation will be given of a specific example 
electrode or susceptor 16. Radicals and ions generated in this 5 of this issue . 
plasma are used to etch the target surface of the semicon- FIG . 6 is a graph showing etching characteristics of an 
ductor wafer W. As described above , a first RF power for SiOC family Low - k film and an SiC film , wherein the 
plasma generation is applied to the upper electrode 34 , and horizontal axis denotes the self bias voltage Vdc of a bias RF 
a second RF power for ion attraction is applied to the lower power ( 13.56 MHz ) applied from the second RF power 
electrode or susceptor 16. Consequently , the plasma control 10 supply 90 , and the vertical axis denotes the etching rate . In 
margin can be set broader . obtaining this data , the process gas was C4F , / Ar / N2 set at 

In this embodiment , when plasma is generated , the upper flow rates of 10 mL / min ( sccm ) , 500 mL / min ( sccm ) , and 
100 mL / min ( sccm ) , respectively , and at a pressure of 6 Pa . electrode 34 is supplied with an RF power within a range Further , the first RF power supply 48 was set to apply an RF covering high frequencies of 27 MHz or more . Conse- 15 power with a frequency of 60 MHz at 1,000 W , and the quently , the plasma density is increased with a preferable second RF power supply 90 was set to apply an RF power 

state , so that high density plasma is generated even under a with a frequency of 13.56 MHz at 2,000 W. When plasma is low pressure condition . generated within the chamber , polymers are supplied from 
When the plasma is thus generated , the controller 51 the upper electrode to the semiconductor wafer , and depo 

controls the polarity and value of the DC voltage applied 20 sition is generated if no bias is applied . However , with an 
from the variable DC power supply 50 to the upper electrode increase in the absolute value of the self bias voltage Vd 
34. In this case , the application electrode or upper electrode etching starts making progress . At this time , in order to etch 
34 is set to have a self bias voltage V de on the surface , at a the SiOC family Low - k film with high accuracy , Vde is 
deep level for obtaining a predetermined ( moderate ) sput- preferably set such that the SiOC family Low - k film is 
tering effect onto the surface , i.e. , the surface of the electrode 25 etched while the underlying SiC film is not etched . However , 
plate 36. In other words , control is performed to increase the the compositions of the SiOC family Low - k film and SiC 
absolute value of V de on the surface of the upper electrode film are close to each other , and thus their etching behaviors 
34. Where the RF power applied from the first RF power are similar , as shown in FIG . 6. In this case , ordinary etching 
supply 48 is low , polymers are deposited on the upper can provide only a very narrow margin for performing 
electrode 34. However , since a suitable DC voltage is 30 etching with a high selectivity , and thus can hardly allow the 
applied from the variable DC power supply 50 , polymers etching rate to be increased . 
deposited on the upper electrode 34 are sputtered , thereby Ions are attracted by a bias applied to the etching target 
cleaning up the surface of the upper electrode 34. Fu film and promote etching , but polymers are supplied and 
optimum quantity of polymers can be supplied onto the deposited on the etching target film , as described above . 
semiconductor wafer W , thereby canceling the surface 35 Accordingly , in order for the etching to make progress , V 
roughness of the photo - resist film , and increasing the etch- ( ion energy incident on the wafer ) needs to be selected such 
ing selectivity of an etching target layer relative to the that the ion penetration depth is larger than the polymer 
underlying film . thickness . On the other hand , after the etching target film is 

Where a DC voltage is applied to the upper electrode 34 , etched , if the polymer thickness deposited on the underlying 
the body of the upper electrode 34 is sputtered , so that the 40 film is larger than the ion penetration depth , etching of the 
photo - resist film is provided with carbide on the surface , and underlying film is stopped , thereby realizing high selectivity 
is thereby reinforced . Further , since the self bias voltage V etching . However , where the etching behaviors of the etch 
is deeper , the thickness of a plasma sheath formed on the ing target film and underlying film are similar as shown in 
upper electrode 34 is increased , and the plasma is shrunk by FIG . 6 , if over etching is continuously performed after the 
that much . In this case , the effective residence time above 45 etching target film is etched at a high etching rate , the 
the semiconductor wafer W is decreased , and the plasma polymer thickness on the underlying film is smaller than the 
concentrates above the wafer W , thereby decreasing the ion penetration depth when the etching target film is pen 
dissociation space . Consequently , dissociation of a fluoro- etrated , and thus the underlying film is eroded . 
carbon family process gas is suppressed for the photo - resist In light of this phenomenon , this embodiment adopts 
film to be less etched . Further , where a DC voltage is applied 50 control to set the polymer thickness to be larger than the ion 
to the upper electrode 34 , electrons generated near the upper penetration depth when the etching target film is penetrated , 
electrode 34 are accelerated in the vertical direction within i.e. , at the timing of transition from etching of the etching 
the process space , whereby the shading effect is suppressed target film to over etching . This control is made by power 
to obtain a good processed shape without bowing . It should modulation performed in predetermined cycles between 
be noted that , in this case , the application current or appli- 55 first power set to deposit polymers on the etching target film 
cation power may be controlled in place of the application and a second power set to etch the etching target film on the 
voltage from the variable DC power supply 50 . target substrate . At this time , in accordance with an instruc 
As described above , where a DC voltage is applied to the tion from the control section 100 , the RF controller 95 

upper electrode 34 , various effects are provided . Particu- switches the second RF power supply 90 from a normal 
larly , the effect of suitably supplying polymers onto the 60 mode to a power modulation mode . In this way , the first 
target substrate or semiconductor wafer W can increase the power is used to deposit polymers and the second power is 
selectivity between the etching target film and underlying used to promote etching , so that the polymer layer is formed 
etching - stopper film . However , etching may be performed to have a lager thickness than the ion penetration depth when 
on an etching target film formed of an SiOC family Low - k over etching starts , thereby stopping etching without sub 
film with an underlying etching - stopper film formed of an 65 stantially eroding the etching - stopper film . 
SiC film that is a low dielectric constant barrier film . In this The issue described above will be explained in more 
case , their compositions are very similar , and thus the detail , with reference to drawings . 

an 

dc 

dc 
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The following explanation is exemplified by a structure preferable 5 nm or more , the ion penetration depth becomes 
including a Cu interconnection line layer 201 , on which an smaller than the polymer layer thickness . 
etching - stopper film formed of an SiC film 202 and an In this embodiment , as described above , a pulse - wise 
etching target film formed of an SiOC family Low - k film waveform is a typical example used for power modulation 
203 are laminated in this order . Etching of the SiOC family 5 performed on the RF power of the second RF power supply 
Low - k film 203 is performed while a photo - resist film 204 90 , but this is not limiting . For example , where the first 
is used as a mask . power and second power are modulated , another waveform , 
As regards a conventional continuous mode , the main such as a sine curve , may be used . 

etching terminal state is shown in FIG . 7 , ( a ) , and the instant In the power modulation , the low - power - level first power 
when the SOC family Low - k film 203 is penetrated ( at the 10 is preferably set to be larger than 0. Where this power is set 
instant when over etching starts ) is shown in FIG . 7 , ( b ) . In at a certain lever larger than 0 , polymer deposition is 
the state shown in FIG . 7 , ( b ) , the thickness of a polymer effectively supplied . Although the first power and second 
layer 205 on the underlying SiC film 202 at the hole bottom power are suitably set in accordance with other etching 
is small , so the SiC film 202 is eroded by etching . Then , as conditions and / or film conditions , but the first power is 
shown in FIG . 7 , ( c ) , when the SiC film 202 is eroded to a 15 preferably set to be within a range of 10 to 500 W , and the 
certain extent , the over etching is saturated ( over etching of second power is preferably set to be within a range of 100 
25 % ) . to 5,000 W , and more preferably of 100 to 1,000 W. 
On the other hand , according to this embodiment , the The frequency of power modulation is preferably set to be 

mode is switched to the power modulation mode in the main 0.25 to 100 Hz . With this range , the polymer layer is 
etching terminal state shown in FIG . 7 , ( a ) . In this case , as 20 moderately generated . Specifically , it is assumed that the 
shown in FIG . 7 , ( d ) , at the instant when over etching starts , power modulation ( pulse ) has a duty ratio of 50 % . In this 
the first power is applied so that the thickness of the polymer case , if the frequency is larger than 100 Hz , the time of the 
layer 205 on the SiC film 202 at the hole bottom is increased . first power for generating polymer deposition is less than 10 
Then , as shown in FIG . 7 , ( e ) , although the second power ms in one cycle , so it may be difficult to generate sufficient 
etching mode is used thereafter , the ion penetration depth is 25 deposition . If the frequency is less than 0.25 Hz , the time of 
smaller than the thickness of the polymer layer 205. Con- the first power is larger than 2 S in one cycle , so the 
sequently , as shown in FIG . 7 , ( f ) , the etching - stopper film thickness of the polymer layer may be too large . 
formed of the SiC film 202 is hardly eroded . The duty ratio ( second power time / one cycle total time ) of 
FIG . 8 is a graph schematically showing the phenomenon the power modulation ( pulse ) is typically exemplified by 

described above , wherein the horizontal axis denotes the 30 50 % . However , the duty ratio may be suitably adjusted 
bias power and the vertical axis denotes the polymer layer within a range of 1 to 99 % , in accordance with etching 
thickness . FIG . 8 also shows the ion penetration depth into conditions and / or conditions of the etching target film and 
the polymer layer 205 or SiC film 202 ( the scale is the same underlying film . 
as that of the polymer depth ) . As shown in FIG . 8 , in the case When etching is performed , the etching target film is first 
using the continuous mode , since the etching characteristics 35 etched at a high etching rate in a normal mode using no bias 
of the SiOC family Low - k film 203 and SiC film 202 are power modulation . Before etching of the etching target film 
similar , such a range is very narrow where the ion penetra- is finished , the bias power is switched into the power 
tion depth is smaller than the thickness of the polymer layer modulation mode described above . This switching needs to 
205 on the SiC film 202 and thus the SiC film 202 is not be made at a timing such that a suitable amount of polymer 
eroded , as described above . In this case , the bias power 40 layer is formed on the underlying film when the underlying 
needs to be smaller to decrease the etching rate of the SiOC film is making an appearance due to etching of the etching 
family Low - k film 203. On the other hand , in the case using target film . If the switching into the power modulation mode 
the bias power modulation immediately before the over is made immediately before over etching , the polymer layer 
etching , such a range is expanded where the SiC film 202 is thickness is insufficient for the over etching . On the other 
not eroded . In this case , the bias power can be larger to 45 hand , this switching is made too early , the etching rate is 
increase the etching rate of the SiOC family Low - k film 203 . decreased . Accordingly , in order to ensure a time period for 
FIG . 9 shows a process margin obtained by the case using forming a suitable amount of polymer layer on the under 

the bias power modulation , for comparison with the case lying film that is making an appearance , the switching is 
using the continuous mode shown FIG . 6. As shown in preferably made at a timing very close to the instant when 
FIG . 9 , where the power modulation is used immediately 50 the over etching starts . Although it depends on etching 
before the over etching , the process margin becomes conditions , the switching is preferably made at a timing 
broader . For example , even where V dc is set at about -800V when the remaining of the etching target film has a thickness 
to perform etching at a high etching rate , it is possible to of 20 to 30 nm . 
hardly etch the underlying SiC film , while etching the When etching is performed in this power modulation 
etching target film formed of the SiOC family Low - k film . 55 mode , a DC voltage is applied from the variable DC power 
In other words , the etching target film formed of the SiOC supply 50 to the upper electrode 34. This is advantageous to 
family Low - k film can be etched with a high etching rate and ensure the presence of a polymer layer , because the polymer 
high selectivity relative to the underlying film . supply effect can be obtained , as described above . When no 
FIG . 10 is a graph showing the relationship between the DC voltage is applied , reflected waves are increased due to 

polymer layer depth and the absorption energy of ions ( Ar 60 the bias power modulation , in the RF power for plasma 
ions ) , obtained by a simulation with different values of ion generation applied from the first RF power supply to the 
radiation energy . The ordinary etching is known such that upper electrode 34 , thereby making plasma unstable . 
the distribution of ion radiation energy is mainly formed of Accordingly , a DC voltage is applied from the variable DC 
a range of 500 eV to 1 keV . As shown in FIG . 10 , an ion power supply 50 to the upper electrode 34 , so that the 
energy absorption range of up to 1 keV corresponds to a 65 thickness of a plasma sheath formed on the upper electrode 
polymer thickness of less than about 5 nm . Accordingly , 34 side is fixed . In this case , reflected waves are decreased 
where the polymer thickness is several nm or more , and in the RF power for plasma generation applied to the upper 
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electrode 34 , thereby making plasma stable . Consequently , ( 3 ) Common condition : 
the process stability and the service life of the first RF power Temperature = upper electrode / wafer / lower electrode of 
supply 48 are improved . This is another reason as to why the 60 / 60 / 0 ° C. 
DC voltage application is advantageous . After etching was performed under the conditions 

Although the DC voltage applied to the upper electrode 5 described above , each sample was immersed in 1 % -HF 
34 is suitably set in accordance with etching conditions , the solution for 30 sec to examine the SiC erosion amount . In the 
DC voltage is preferably set to be within a range of -300 to present example , the bias power application was switched 
-2 kV in both of the ordinary continuous mode and power from the normal mode to the power modulation mode 30 sec 
modulation mode . before the over etching started . 

The frequency of the RF power applied from the first RF 10 FIG . 11 shows this result . FIG . 11 is a graph that compares 
power supply 48 to the upper electrode 34 is preferably set the present example and comparative example , wherein the 
to be within a range of 27 to 100 MHz in both of the ordinary horizontal axis denotes the over etching time and the vertical 
continuous mode and power modulation mode . The fre- axis denotes the erosion amount ( nm ) of the SiC film . As 
quency of the RF power applied from the second RF power shown in FIG . 11 , in the comparative example , the SiC film 
supply 90 to the susceptor 16 is preferably set to be within 15 was largely eroded by about 9 nm immediately after the over 
a range of 400 kHz to 13.56 MHz in both of the ordinary etching started . In the present example , the SiC film was 
continuous mode and power modulation mode . The power eroded by about 3 nm at the beginning , and then this erosion 
of the RF power applied from the first RF power supply 48 was essentially constant or kept saturated until over etching 
is preferably set to be within a range of 500 to 5,000 W in of 40 % . Accordingly , it has been confirmed that the bias 
both of the ordinary continuous mode and power modulation 20 power modulation mode according to this embodiment is 
mode . The power of the RF power for bias applied from the effective . 
second RF power supply 90 is preferably set to be within a In this embodiment , the etching target film is formed of an 
range of 500 to 5,000 W in the ordinary continuous mode . SIOC family ( organic ) Low - k film , but it may be formed of 
Next , an explanation will be given of experiments per- an inorganic Low - k film . The underlying film is formed of 

formed to confirm effects of this embodiment . 25 an SiC film , but it may be formed of , e.g. , a silicon nitride 
Samples were first prepared to each have a structure such film ( SIN ) . Further , in this embodiment , the etching target 

that a 30 - nm SiC film was formed as an underlying film , a film formed of an SiOC family Low - k film is combined with 
300 - nm SiOC family Low - k film was formed thereon as an the underlying film formed of an SiC film , but the disclosed 
etching target film , and a BARC ( anti - reflection coating ) and technique may be applied to any structure that has a diffi 
a patterned ArF resist film were then formed thereon . Then , 30 culty in ensuring the selectivity of an etching target film 
the BARC was etched by use of the ArF resist film as a relative to an underlying film . Furthermore , in this embodi 
mask , and the SiOC family Low - k film is etched to form a ment , the bias is switched from the continuous mode to 
via - hole . power modulation mode , but the power modulation mode 

Etching conditions used at this time were set as follows . may be solely used as long as a sufficient etching rate is 
In one example ( present example ) , over etching was per- 35 obtained . 
formed by use of a bias applied in a power modulation mode Next , an alternative application according to this embodi 
according to this embodiment . In another example ( com- ment will be explained . 
parative example ) , over etching was performed by use of a The following application is a case where the power 
bias applied in a conventional continuous mode . modulation mode described above is utilized to increase the 

( 1 ) Main etching ( continuous mode ) : 40 selectivity of an etching target film relative to a mask . 
Pressure inside chamber = 6.65 Pa ( 50 mT ) ; FIG . 12 is a sectional view showing the structure of a 
Upper side application RF power ( 60 MHz ) = 400 W ; semiconductor wafer used in this case . This structure 
Lower side application RF power ( 400 kHz ) = 500 W ; includes a Low - k film 301 , on which a hard mask layer 
Process gas and flow rate = C4Fg / Ar / N2 of 4 / 1,000 / 500 formed of a TiN film 302 , an inorganic sacrificial film 303 , 

mL / min ( sccm ) ; 45 and a photo - resist film 304 are laminated in this order . The 
Upper side DC voltage = -900V ; and hard mask layer may be formed of a Ti film in place of the 
Time = 60 sec . Tin film . In this structure , where the Low - k film 301 is 
( 2 ) Over etching : etched by use of the TiN film 302 as a mask to form a hole 
( a ) Present example : 305 , the selectivity of the Low - k film 301 relative to the TiN 
Pressure inside chamber = 6.65 Pa ( 50 mT ) ; 50 film 302 is preferably larger . For this purpose , it is effective 
Upper side application RF power ( 60 MHz ) = 400 W ; to perform etching while controlling the second RF power 
Lower side application RF power ( 400 kHz ) -modulation supply 90 to set a power modulation mode such that etching 

between 100 W / 800 W ; can make progress on the Low - k film 301 , but it can hardly 
Power modulation pulse parameter , make progress on the TiN film 302 because of a large 
Frequency = 15.0 Hz , 55 polymer deposition thereon . 
Duty ratio = 50 % , and Next , another alternative application according to this 
Vpp = 1.4V ; embodiment will be explained . 
Process gas and flow rate = C4F / Ar / N2 of 8 / 1,000 / 80 The following application is a case where the power 

mL / min ( sccm ) ; and modulation mode described above is utilized to alleviate the 
Upper side DC voltage = -900V . 60 micro - loading effect . 
( b ) Comparative example : FIG . 13 shows a structure including an underlying film 
Pressure inside chamber = 6.65 Pa ( 50 mT ) ; 401 , on which an etching - stopper film formed of an SiC film 
Upper side application RF power ( 60 MHz ) = 400 W ; 402 , and an etching target film formed of an SiOC family 
Lower side application RF power ( 400 kHz ) = 800 W ; Low - k film 403 are laminated in this order . The SiOC family 
Process gas and flow rate = C_Fg / Ar / N2 of 4 / 1,000 / 500 65 Low - k film 403 is etched by use of a photo - resist film 404 

mL / min ( sccm ) ; and as a mask to form a smaller size via - hole 405 and a larger 
Upper side DC voltage = -900V . area trench 406 , such as a guard ring ( GR ) . In this case , due 
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to the micro - loading effect , the etching rate of the smaller TABLE 2 
size via - hole 405 tends to be lower because CF family 
radicals cannot easily get in , while the etching rate of the Hole shape 

larger size trench 406 tends to be higher . ( a ) ( b ) ( C ) Max - Min 
In order to suppress this micro - loading effect , it is effec- 5 

Continuous mode tive to perform etching while applying a bias in the power ( 700 W ) Edge modulation mode described above . Where the bias is applied Power modulation mode Center 
in the power modulation mode , only the etching rate of the ( 100/700 W ) Edge 
larger area trench 406 is suppressed to alleviate the micro 
loading effect . Specifically , as described above , in the power As shown in Tables 1 and 2 and FIG . 15 , where the RF modulation mode , the etching makes progress when the 
high - power - level second power is applied , and the etching is bias was applied to the lower electrode in the continuous 
suppressed due to CF family precursor deposition when the mode , a micro - loading effect was observed such that the 
low - power - level first power is applied . The effect of sup etching rate of the larger area trench ( GR ) was larger than 
pressing the etching is exerted more on the larger area trench 15 those of the elliptical via - hole and small via - hole . Where the 
406 , so the difference in etching rate between the via - hole RF bias was applied in the power modulation mode , the 
405 and trench 406 is decreased , thereby alleviating the etching rate of the trench ( GR ) was decreased more than the 
micro - loading effect . other portions , so the micro - loading effect was alleviated . 
Next , an explanation will be given of experiments per In this embodiment , plasma is generated by use of the 

formed in a practical manner of this application . 20 power modulation mode on the second RF power supply 90 . 
In this case , the second RF power supply 90 is preferably An etching target film formed of an SiOC family Low - k operated in the continuous mode using a constant power film was etched to form an elliptical via - hole , a circular level for plasma ignition , and then operated in the power small via - hole , and a trench ( GR ) having sizes , as shown in 

FIGS . 14A , 14B , and 14C , respectively . An example using 25 case , the application timing and application manner of the modulation mode , to reliably maintain the plasma . In this 
a power modulation mode was compared with an example RF power and DC voltage are important issues . Accordingly , using a continuous mode , both modes being applied on the preferable application timing and application manner of the lower side application RF power . Conditions used at this RF power and DC voltage will be explained with reference time were set as follows . to FIGS . 16 to 18 . 

( 1 ) Common condition : In the case shown in FIG . 16 , the RF power applied from 
Pressure inside chamber = 6.65 Pa ( 50 mT ) ; the second RF power supply 90 to the lower electrode or 
Upper side application RF power ( 60 MHz ) = 400 W ; susceptor 16 is first set in a continuous mode at a power level 

lower than the high - power - level second power . Then , at a Upper side DC voltage = -900V ; time point T1 when a predetermined time has elapsed , the Temperature = upper electrode / wafer / lower electrode of 35 RF power applied from the first RF power supply 48 to the 
60 / 60 / 0 ° C .; upper electrode 34 is started . At the same time , the DC 

Process gas and flow rate = C_Fg / Ar / N2 of 10 / 1,000 / 100 voltage applied from the variable DC power supply 50 to the 
mL / min ( sccm ) ; and upper electrode 34 is started . In this state , plasma is ignited , 
Time = 30 sec . and then , at a time point T2 when the plasma becomes 
( 2 ) Power modulation mode : 40 stable , the second RF power supply 90 is switched to the 

power modulation mode . In this case , since the power Lower side application RF power ( 13.56 MHz ) = modula modulation mode is used after the plasma becomes stable , 
tion between 100 W / 700 W ; and the plasma can be reliably maintained even when the low 
Power modulation pulse parameter , power - level first power is supplied in the power modulation 
Frequency = 15.0 Hz , and 45 mode . It should be noted that this control is executed by the 

RF controller 95. This matter is common to the cases shown Duty ratio = 50 % . in FIGS . 17 and 18 . 
( 3 ) Continuous mode : In the case shown in FIG . 17 , the power applied from the 
Lower side application RF power ( 13.56 MHz ) = continu- second RF power supply 90 is slowly increased to the value 

ous application of 700 W. 50 of the high - power - level second power , and is then switched 
Table 1 shows values of the etching rate at the center and to the power modulation mode . Further , the DC voltage 

edge obtained by the etching using these modes . Table 2 applied from the variable DC power supply 50 is slowly 
shows values normalized by use of values of the etching rate increased . Where the power and voltage are slowly 
of the elliptical via - hole shown in FIG . 14A , set as a increased , the wafer and / or power supplies are less dam 
reference value of 1.0 . FIG . 15 shows a graph of Table 2 . 55 aged . Only one of the power and voltage may be slowly 

increased . 
TABLE 1 In the case shown in FIG . 18 , the RF power applied from 

the second RF power supply 90 to the lower electrode or 
Unit : nm / min susceptor 16 is first set in a continuous mode at a power level 

Hole shape 60 lower than the high - power - level second power . Then , at a 
( a ) ( b ) ( C ) time point Tl ' when a predetermined time has elapsed , the 

RF power applied from the first RF power supply 48 to the 
Continuous mode upper electrode 34 is started at a power level lower than the ( 700 W ) Edge set value . At the same time , the DC voltage applied from the Power modulation mode Center 
( 100/700 W Edge 65 variable DC power supply 50 to the upper electrode 34 is 

started . In this state , plasma is ignited , and then , at a time 
point T2 ' when the plasma becomes stable , the RF power 
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applied from the first RF power supply 48 is increased to the plasma generation and a second radio frequency ( RF ) power 
set value , and the RF power applied from the second RF for ion attraction are applied to the lower electrode . This 
power supply 90 is increased to a predetermined value ( for type has the following advantages , as compared to the other 
example , to the value of the second power ) . In this case , the plasma etching apparatus of the capacitive coupling type . 
power from the second RF power supply 90 is preferably 5 First , as in this embodiment , where an RF power for 
slowly increased , as shown in FIG . 18. Then , at a predeter- plasma generation is applied to the lower electrode , plasma 
mined timing after the time point T2 ' , the second RF power is generated near the wafer , and dissociation of the process 
supply 90 is switched to the power modulation mode . In this gas is suppressed because plasma is prevented from widely 
case , since the power modulation mode is used after the diffusing . Consequently , even where the pressure inside the 
plasma becomes stable , the plasma can be reliably main- 10 process container is high and the plasma density is low , the 
tained even when the low - power - level first power is sup- etching rate on the wafer can be increased . Further , even 
plied in the power modulation mode . Also in this case , the where the RF power for plasma generation has a high 
DC voltage applied from the variable DC power supply 50 frequency , it is possible to ensure relatively large ion energy 
may be slowly increased . and thus attain a high efficiency . By contrast , where an RF 

The power modulation mode may be applied not only to 15 power for plasma generation is applied to the upper elec 
the second RF power supply 90 but also to the first RF power trode as in the first embodiment , plasma is generated near 
supply 48. Such an example will be described below . the upper electrode . In this case , it is relatively difficult to 

Specifically , in order to stabilize plasma , it may be pref- increase the etching rate on the wafer , if the pressure inside 
erable to set the first RF power supply 48 in the power the process container is high and the plasma density is low . 
modulation mode , when setting the second RF power supply 20 In addition , unlike apparatuses of the type that applies an 
90 in the power modulation mode . In this case , the RF RF power with one frequency to the lower electrode , where 
controller 95 is arranged to control both of the second RF an RF power for plasma generation and an RF power for ion 
power supply 90 and first RF power supply 48 to perform attraction are independently applied to the lower electrode as 
power modulation . Specifically , the first RF power supply 48 in this embodiment , the function of generating plasma and 
is controlled to perform power modulation between a third 25 the function of attracting ions , both necessary for plasma 
power and a fourth power in synchronism with the power etching , can be independently controlled . In this case , it is 
modulation mode of the second RF power supply 90. In this possible to satisfy the etching conditions required in high 
case , for example , as shown in FIG . 19A , the first RF power micro - fabrication . 
supply 48 and second RF power supply 90 may be controlled According to this embodiment , in a plasma etching appa 
to have high powers and low powers at the same timing . 30 ratus of the type that applies two RF powers with different 
Alternatively , as shown in FIG . 19B , the first RF power frequencies to the lower side , which has the functions 
supply 48 and second RF power supply 90 may be controlled described above , a DC voltage is applied to the upper 
to have high powers and low powers at opposite timing . electrode , so that additional functions are obtained , as 
Next , an explanation will be given of a second embodi- described above . Consequently , it is possible to provide high 

ment of the present invention . 35 performance etching , which is more suitable for recent 
FIG . 20 is a sectional view schematically showing a etching micro - fabrication . Further , the bias RF power modu 

plasma etching apparatus according to a second embodiment lation is used in the same way as the first embodiment , so 
of the present invention . that the etching target film can be etched with a high 

This plasma etching apparatus has a structure essentially selectivity and a high etching rate , even where the compo 
the same as that of the plasma etching apparatus according 40 sitions of the etching target film and underlying film are 
to the first embodiment except that an RF power for plasma similar , as in a combination of an SiOC family Low - k film 
generation is applied to the lower electrode or susceptor . and an SiC film . 
Accordingly , the same constituent elements as those in FIG . This embodiment may be utilized to increase the selec 
1 are denoted by the same reference numerals in FIG . 20 , tivity of an etching target film relative to an underlying film , 
and their description will be omitted . 45 as in a case where an SiOC film is etched on an underlying 

In this embodiment , a lower electrode or susceptor 16 is SiC film ; to increase the selectivity of an etching target film 
connected to both of a first RF power supply 48 ' for plasma relative to a mask , as in a case where a Low - k film is etched 
generation and a second RF power supply 90 for applying a by use of a TiN film as a mask ; or to alleviate the micro 
bias for ion attraction . The first RF power supply 48 ' is loading effect , as in the first embodiment . Further , this 
connected to the susceptor 16 through a first matching unit 50 embodiment , the plasma ignition sequence shown in FIG . 16 
89. The first matching unit 89 has the same structure as the may be used , and / or the first RF power supply 48 ' may be 
second matching unit 88 , and , when plasma is generated operated in the power modulation mode . In this embodi 
within a chamber 10 , it performs control for the load ment , the etching target film is an SiOC family ( organic ) 
impedance and the output impedance of the first RF power Low - k film , but it may be formed of an inorganic Low - k 
supply 48 ' to apparently agree with each other . The first RF 55 film . The underlying film is formed of an SiC film , but it may 
power supply 48 ' has the same function as the first RF power be formed of , e.g. , a silicon nitride film ( SIN ) . Further , in this 
supply 48 of the first embodiment , and preferably has a embodiment , the etching target film formed of an SiOC 
frequency within a range of 27 to 100 MHz . family Low - k film is combined with the underlying film 
On the other hand , the upper electrode 34 is not connected formed of an SiC film , but the disclosed technique may be 
any RF power supply , but is connected to a variable DC 60 applied to any structure that has a difficulty in ensuring the 

power supply 50 through a low - pass filter ( LPF ) 46a . The selectivity of an etching target film relative to an underlying 
low - pass filter ( LPF ) 46a is arranged to trap the RF powers film . 
from the first and second RF power supplies , and is prefer- In each of the embodiment described above , the first RF 
ably formed of an LR filter or LC filter power and second RF power may have frequencies , as 

In this embodiment , the plasma etching apparatus is of the 65 follows . Specifically , the frequency of the first RF power 
type that applies two RF powers with different frequencies may be one of 27 MHZ , 40 MHz , 60 MHz , 80 MHz , and 100 
to the lower side , i.e. , a first radio frequency ( RF ) power for MHz , while the frequency of the second RF power may be 

to 
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one of 400 kHz , 800 kHz , 1 MHz , 2 MHz , 3.2 MHz , 12.88 perform control the second RF power supply unit such 
MHz , and 13.56 MHz . They are suitably combined in that the second RF power supply unit is first operated 
accordance with a process to be performed . in the continuous mode , then the first RF power supply 

According to the embodiments described above , a second unit starts RF power supply when a first predetermined 
RF power supply unit for ion attraction is operated in a 5 time has elapsed since the second RF power supply unit 
power modulation mode that executes power modulation in has started its operation in the continuous mode , and predetermined cycles between a first power set to deposit then the second RF power supply unit is switched into polymers on a predetermined film on a target substrate and the power modulation mode when a second predeter a second power set to promote etching of the predetermined mined time has elapsed since the second RF power film on the target substrate . The predetermined film can be 10 supply unit has started its operation in the continuous provided with a moderate polymer layer deposited thereon mode . to suppress etching progress , so that the etching can be 
performed with a high selectivity and a high etching rate . 2. The plasma etching apparatus according to claim 1 , 
For example , it is assumed that a target substrate has a wherein the RF controller is preset to perform control such 
structure including an etching target film formed on an that the second RF power supply unit is first operated in the 
underlying film , and the etching target film is first etched and continuous mode with RF power supply at a power level 
over etching is then performed . Alternatively , it is assumed lower than a predetermined power level , until a certain time 
that a target substrate has a structure including a mask layer point after the first RF power supply unit starts RF power 
formed on an etching target film , and the etching target film supply , then the second RF power supply unit increases RF 
is etching by use of the mask layer as a mask . In either case , 20 power after the certain time point , and then the second RF 
this power modulation mode is adopted , so that the etching power supply unit is switched into the power modulation 
target film is etched with a high selectivity and a high mode . 
etching rate . 3. The plasma etching apparatus according to claim 2 , 

Further , where the power modulation mode is used , the wherein the RF controller is preset to perform control such 
etching rate of a large area , such as a large guard ring ( GR ) , 25 that the first RF power supply unit also increases RF power 
is suppressed , so the micro - loading effect is suppressed after the certain time point . 
without changing process conditions . 4. The plasma etching apparatus according to claim 1 , 

The present invention has been described with reference wherein the apparatus further comprises a variable DC 
to embodiments , but the present invention is not limited to power supply configured to apply a DC voltage to the first 
the embodiments described above , and it may be modified in 30 electrode , and the control system is preset to control the 
various manners . For example , in the embodiments variable DC power supply to start voltage application when 
described above , a DC voltage is applied to the upper the first RF power supply unit starts RF power supply . 
electrode , but the DC voltage application is not essential . 5. The plasma etching apparatus according to claim 

Additional advantages and modifications will readily wherein the control system is preset to control the variable 
occur to those skilled in the art . Therefore , the invention in 35 DC power supply to gradually increase voltage when start 
its broader aspects is not limited to the specific details and ing the voltage application . 
representative embodiments shown and described herein . 6. The plasma etching apparatus according to claim 1 , 
Accordingly , various modifications may be made without wherein the apparatus further comprises a variable DC 
departing from the spirit or scope of the general inventive power supply configured to apply a DC voltage to the first 
concept as defined by the appended claims and their equiva- 40 electrode . 
lents . 7. The plasma etching apparatus according to claim 1 , 
What is claimed is : wherein the first RF power has a frequency of 27 to 100 
1. A plasma etching apparatus comprising : MHz . 
a process container configured to be vacuum - exhausted ; 8. The plasma etching apparatus according to claim 1 , 
a first electrode disposed inside the process container ; 45 wherein the second RF power has a frequency of 400 kHz 
a second electrode disposed opposite to the first electrode to 13.56 MHz . 

and configured to support a target substrate thereon ; 9. The plasma etching apparatus according to claim 1 , 
a first radio frequency ( RF ) power supply unit connected wherein the first power is set to be within a range of 10 to 

to the first electrode or the second electrode and con- 500 W and the second power is set to be within a range of 
figured to apply a first RF power for plasma generation 50 100 to 5,000 W in the power modulation mode of the second 
to the first electrode or the second electrode ; RF power supply unit . 

a second RF power supply unit connected to the second 10. The plasma etching apparatus according to claim 1 , 
electrode and configured to apply a second RF power wherein a power modulation frequency is within a range of 
for providing a bias for ion attraction to the second 0.25 to 100 Hz in the power modulation mode of the second 
electrode ; 55 RF power supply unit . 

a process gas supply unit configured to supply a process 11. The plasma etching apparatus according to claim 1 , 
gas into the process container , and wherein a power modulation duty ratio ( second power 

a control system including and an RF controller config- time / one cycle total time ) is within a range of 1 to 99 % in 
ured to control the first and second RF power supply the power modulation mode of the second RF power supply 
units , wherein 60 unit . 

the RF controller is configured to switch the second RF 12. The plasma etching apparatus according to claim 1 , 
power supply unit between a continuous mode that wherein the RF controller is preset to control the first RF 
executes continuous supply of the second RF power at power supply unit to operation in a power modulation mode 
a constant power level and a power modulation mode that executes modulation of the first RF power between a 
that executes modulation of the second RF power 65 third power and a fourth power larger than the third power 
between a first power and a second power larger than in synchronism with the power modulation mode of the 
the first power , and the RF controller is preset to second RF power supply unit . 
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13. The plasma etching apparatus according to claim 1 , the RF controller is configured to switch the second RF 
wherein the first power is non - zero value . power supply unit between a continuous mode that 

14. A plasma etching apparatus comprising : executes continuous supply of the second RF power at 
a process container configured to be vacuum - exhausted ; a constant power level and a power modulation mode 

that executes modulation of the second RF power a first electrode disposed inside the process container ; between a first power and a second power larger than a second electrode disposed opposite to the first electrode the first power , and configured to support a target substrate thereon ; the RF controller is preset to control the second RF power a first radio frequency ( RF ) power supply unit connected supply unit such that the second RF power supply unit 
to the first electrode or the second electrode and con is first operated in the continuous mode for plasma 
figured to apply a first RF power for plasma generation ignition and then is switched into the power modulation 
to the first electrode or the second electrode ; mode , and 

a second RF power supply unit connected to the second the RF controller is preset to control the second RF power 
electrode and configured to apply a second RF power supply unit to gradually increase power during a period 
for providing a bias for ion attraction to the second longer than a period of one cycle including a period of 
electrode ; the first power and a period of the second power in the 

a process gas supply unit configured to supply a process power modulation mode when switching into the 
gas into the process container , and power modulation mode from the continuous mode . 

a control system including and an RF controller config 15. The plasma etching apparatus according to claim 14 , 
ured to control the first and second RF power supply wherein the first power is non - zero value . 
units , wherein 
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